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RESPIRATION OF MOUSE SKIN AND OF DERMIS AND EPIDERMIS
FOLLOWING SEPARATION WITH ELASTASE*
LAURENCE R. FITZGERALD, Pn.D. AND MICHAEL KLEIN, PH.D.**
In connection with an extensive study of
methods for separation of epithelial and connec-
tive tissue elements, it becomes necessary to have
a simple, accurate method of assessing the via-
bility and physiological integrity of the separated
fractions. Measurement of rate of oxygen con-
sumption provides such a method. Not only is
this quicker than transplantation procedures, but
it provides a means of detecting transitory
changes which might otherwise be overlooked. In
addition, when combined with procedures that
result in a complete separation of tissue com-
ponents, this provides useful information con-
cerning the respiration of each component and
its contribution to the total respiration of the
organ.
The present experiments deal with oxygen
consumption of skin from the ear and back of the
mouse, as well as separated dermis and epidermis
from these sources.
MATERIALS AND METHODS
Young adult male and female mice of strains
B6AF1/Jt and SWR/Jt were used. Skin from the
ear or from the back (nape of the neck) was pre-
pared, and the components separated with elastase
as previously described (1). As indicated in that
report, and as used here, the term "whole" skin
refers to epidermis and the papillary and reticular
layers of the dermis, without the pannieulus adi-
posus and panniculus carnosus. Sheets of whole
skin were not subjected to the elastase treatment,
but were kept in Tyrode's solution under the same
conditions as those samples that were being sepa-
rated. Use of strict aseptic conditions did not ap-
pear to be necessary, but sterile instruments and
solutions were used throughout. The prolonged
constant rate of respiration (dde infra) indicated
that there was no significant bacteriological con-
tamination of the samples (see 2).
Oxygen consumption was determined with
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standard Warburg teehnics, using vessels of ap-
proximately 18 ml capacity, with oxygen as the
gas phase and a water-bath temperature of 37.5° C.
Sheets of tissue approximately 1 X 3 mm each
were suspended in 3.0 ml Tyrode's solution (pH
7.2), and 0.3 ml of 20% KOH was placed in the
center-well to absorb expired CO2. Manometers
were shaken at approximately 160 cycles per min-
ute, adequate to support maximal respiration
while causing minimal disintegration of the tissue.
Microscopic examination of the fluid in several
manometer vessels after removal of the tissue
showed no clumps of cells, few intact cells, and
little material which could be considered cellular
debris, even after centrifugation to concentrate
this material.
At the conclusion of the manometric study the
tissue was removed from the manometer vessel,
blotted gently on hard filter paper, and placed in a
tared dish of aluminum foil. This was weighed im-
mediately to determine tissue wet weight, then
dried overnight at 98° C to determine tissue dry
weight. This time was adequate to dry the tissue
to constant weight. The amount of tissue in each
vessel was deliberately varied and ranged from
2—5 mg wet weight for epidermis, from 15—50 mg
for dermis and from 15—80 mg for whole skin.
RESULTS AND DISCUSSION
The values obtained in measurement of oxygen
consumption and in determination of dry weight
are presented in Table 1. On a wet weight basis,
the epidermis of either ear or hack skin appears to
consume oxygen at 4—5 times the rate of dermis
alone, while on a dry weight basis the epidermis
has a rate about 3 greater than that of dermis
alone. Whole ear skin, and each of its components,
has an oxygen consumption roughly twice as
great as does whole back skin and each of its com-
ponents. The percent dry matter content of the
epidermis is markedly higher than that of whole
skin or of dermis alone in both types of skin, and
the dry matter content of back epidermis is
higher than that of ear epidermis. These differ-
ences probably reflect the absence of intercellular
material from the epidermis and the greater size
and density of hairs in back skin.
Following elastase treatment and separation,
the dermis appears turgid and gelatinous, as
might be expected if fluid had been absorbed.
Consequently the rates of oxygen consumption
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TABLE 1
Oxygen consumption and dry matter content of mouse s/tin, epidermis and dermis
Material
Oxygen Consumptinn
Dry Matter
%pl. 0,/leO mg wet
weight/hr 02
Ear Skin:
Epidarmis (18)*
Dermis (15)
Whole Skin (24)
Calculated Whole Skin (15)
Back Skin:
Epidermis (6)
Dermis (5)
Whole Skin (7)
Calculated Whole Skin (5)
137.5 + 33.5t
33.0 9.7
43.6 2.3
49.3 13.8
79.5 + 21.5
14.6 3.3
18.0 1.5
18.4 3.7
4.98 0.38
2.86 0.40
2.28 + 0.14
3.08 0.37
2.13 0.29
1.33 0.31
1.24 0.05
1.28 0.24
28.1 1.5
11.2 2.9
19.7 + 1.4
—
37.5 3.4
10.8 0.1
15.8 1.3
—
* Numbers in parentheses indicate the number of samples.
t All values expressed as Mean Standard Error of the Mean.
based on wet weight (Table 1) are presented solely
to permit comparison with other tissues treated
similarly. The rates expressed in terms of dry
weight (Qo,) are more generally useful.
In line with the observations of others (3—5),
rate of respiration was not affected by several
hours (or overnight) storage at 1—4° C. A few
measurements of respiratory quotient of whole
ear skin were made by the direct method of War-
burg (6). Values obtained were in the range from
0.9 to 1.0, consistent with those reported for
guinea pig ear skin (7), but slightly higher than
that of 0.8 reported for cattle ear skin (8), and
for rat skin (9, 10).
When data for oxygen uptake of separated
epidermis and dermis from the same samples of
skin are pooled and the values for oxygen uptake
of whole skin calculated therefrom, values are ob-
tained which are slightly higher than, but not sig-
nificantly different from, those for samples of
whole skin measured directly. This indicates that
the elastase treatment did not markedly alter
respiration of the skin. In contrast, Cruikshank
and Cooper (11) found a decreased oxygen con-
sumption of mouse and rat ear skin, but an in-
creased rate of guinea pig ear skin after treat-
ment with trypsin for separation of dermis and
epidermis. Methods of separation using trypsin
have been shown (12, 13) to provide incomplete
separation, with much or part of the basal layer
of the epidermis adhering to the dermis. In addi-
tion, Medawar (14) reported noticeable evidence
of cell death and damage to the basal cells follow-
ing trypsin separation. Elastase separation has
been shown (1) to provide essentially intact
sheets of epidermis, and the values for oxygen
consumption reported here indicate that these
cells are essentially normal. The short exposure to
enzyme involved in elastase separation (1) may
be important in minimizing cell and tissue dam
age. Since the basal layer is presumably the most
metabolically active portion of the epidermis, loss
of all or part of this layer, either as a result of cell
death or adherence to the dermis, would have the
effect of lowering the apparent respiratory rate of
the epidermis, and may help to explain some of
the discrepancies in respiratory rates mentioned
below.
The Qo, of whole ear skin found here is 2.28
0.14, comparable to the value of 2.56 0.29
reported by Cruikshank and Cooper (11). In con-
trast, the value reported here for back skin (1.24
0.05) is markedly higher than that of Fardon,
Sullivan, Brotzge, Loeffler and Andrus (15). This
is probably the result of the complete removal of
all deeper tissues in the present work, as there is
no indication in the latter paper that the pannicu-
lus adiposus and panniculus carnosus were re-
moved. The marked difference in rate of oxygen
consumption of ear and back skin is not unex-
pected since large regional variations have been
shown previously, especially in rat skin (9) and
in human skin (16). Although the existence of
these regional variations has been clearly indi-
cated, there appears to be no detailed study of
them, or of the factors concerned. Such studies
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should add greatly to our understanding of the
relations of structure and function in skin.
The rate of oxygen consumption reported here
for mouse ear skin is somewhat higher than that
for rat skin (11), but is very close to values re-
ported (11—19) for skin from the dorsum of the
foot of the rat (40—50 l. 02/100 mg. wet weight/
hr.; Qo, = 2.11). It should be noted that values
only 4 these have been reported for the same
type of skin (20). Cattle ear skin (8) appears to
have essentially the same respiratory rate as
mouse ear skin. With some exceptions (21—24) the
Qo, of guinea pig skin (mainly ear skin) appears
to be higher than that of mouse ear skin, ranging
from 3.0—4.5 (3, 7, 11, 25).
The oxygen consumption of mouse back skin
reported here is essentially the same as that of
Adams (26) and Butcher (27) for back skin of the
rat, although it is somewhat higher than the rates
noted by others (9, 28—31). It seems likely that
the low values were obtained from samples in
which the tissues deep to the true dermis had been
less scrupulously removed than in our samples.
The Qo2 of human skin lies in the same range as
that of mouse back skin, with reported values of
0.9—1.5 (these are means and individual values
may run as high as 2.5 or even 3.80) (3, 5, 9, 16,
28, 32—37).
The variations among species indicated above
are undoubtedly a reflection, in part, of differing
structure, but this is not the entire explanation in
view of the similarity in respiratory rate of mouse
back skin, human skin and cattle ear skin despite
marked differences in epidermal thickness, struc-
ture of dermis and density of hairs. Although the
data on this point are not extensive, and the
methods leave much to be desired, there is some
indication of a rough correlation between the
rate of replacement of epithelial cells and the rate
of respiration, not only in different areas of the
same individual, but in animals of differing
species as well (38).
The Qo2 of epidermis from mouse ear skin re-
ported here (4.98 0.38) is considerably higher
than values reported by others. Using shavings of
ear skin, considered to be epidermis, Bullough and
Johnson (39, 40) obtained a Qo2 of 1.8. In the
second of these reports, it was stated that some
dermis was still present in these fragments. This
would have the effect of lowering the respiratory
rate as compared with pure epidermis, but their
value lies below that of intact skin in the present
work. Cruikshank and Cooper (11) found a Qo2
of 2.95 0.33 for mouse ear skin epidermis after
trypsin separation. This lies at the level of our
lowest values, and in view of the loss of basal cells
from epidermis separated in this manner (12—14),
would seem to support our somewhat higher
values. Rat ear skin epidermis has been reported
to have a Qo2 of 3.69 0.21, close to our value
for mouse ear epidermis, and guinea pig ear epi-
dermis has an even higher value of 5.25 0.36
(11).
Buhmann (41) determined the volume of epi-
dermis from microscopic sections of human skin
and calculated a "Qo2" of epidermis alone equal
to 2.6 (range = 1.0—5.0). Other studies have in-
volved cutting tangential slices of human skin
and determining their respiration directly, mak-
ing the assumption that the superficial slices were
essentially pure epidermis. This procedure has
given Q0, values of 2.1 (range = 1.0—3.8) (3);
1.8 (36) and 1.62 (range = 0.74—2.11) (42). One
recent study (43) has given values of 4.53 1.39
for the Qo2 of epidermis from human skin, using
samples from the lateral aspect of the arm. When
this value was corrected for the assumed meta-
bolic inactivity of the stratum corneum, it be-
came 4.97 0.81, virtually identical with our
observed value for mouse ear epidermis.
The Qo2 of dermis from mouse ear skin re-
ported here is 2.86 0.40, a value much higher
than that of 1.40 0.14 reported by Cruikshank
and Cooper (11), although their value is essen-
tially the same as that of 1.33 0.31 for back
skin dermis reported here. Dermis from rat ear
skin was found (11) to have a Qo2 of 0.90 0.20,
while that from guinea pig ear skin had a level
approaching our values (2.21 0.32). One other
value for dermis of rat skin (1229 zl. O2/mg
DNA/hr) is not easily converted to comparative
terms (10). Three values (3, 42, 43) have been re-
ported for dermis of human skin, all using slices
cut parallel to the surface, Qo2 of 0.75 (range =
0.34—2.0), 0.51 (range = 0.17—0.80) and 0.49
0.12.
The dry matter contents of whole skin (19.7
1.4% for ear skin and 15.8 1.3% for back skin)
reported here are distinctly lower than the values
of 39.2% (26), 29.8% (18) and 57.8% (31) re-
reported for back skin of the rat, but are very
close to the 19.6% for abdominal skin of the
guinea pig (23).
The dry matter content of epidermis from
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mouse ear skin (28.1 1.5%) is fairly close to the
19.6% given by Cruikshank and Trotter (7) for
ear epidermis of the guinea pig. The dry matter
content of mouse back skin epidermis (37.5
3.4%) is almost identical with the 39.6% (range
= 17.4—40.5) obtained by Suntzcff and Car-
ruthers (44) for the same type of epidermis.
On the basis of wet weight, the epithclium
forms about 17% (12.2—25.5%) of the total mass
of ear skin following separation by clastasc treat-
ment. On a dry weight basis, the cpithelium
forms 34.5% of the total (28.6—44.4%). This is
considerably lower than the 58.4% reported by
Cruikshank and Cooper (11) and there is no ob-
vious explanation for the difference. Despite the
fact that the epithclium makes up, on a dry
weight basis, only one-third the mass of the whole
skin it consumes 49.8% (range = 38.7—56.1%) of
all the oxygen taken up by the whole skin.
SUMMARY ANI) CONCLUSIONS
The respiratory rate of intact mouse skin, from
either car or back, is higher than most previous
reports have indicated. Whole skin, epidermis or
dermis from car take up oxygen nearly twice as
rapidly as whole skin, epidermis or dermis, re-
spectively, from the back. Oxygen uptake by
isolated epidermis is nearly twice that of dermis
alone. Dry matter content of car epidermis is
somewhat lower than that of back epidermis, but
dermis and whole skin from both sources have
nearly the same dry matter content. In terms of
dry weight the epidermis makes up about one-
third the total mass of the whole skin, but it
utilizes one-half of the total oxygen consumed.
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